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Abstract: 
 The general public through our region are concerned that exposure to 
Electromagnetic Radiation (EMR) from mobile telephones and their base stations could 
be hazardous to health, especially for the children and the peoples who live beside the 
base stations site. While there are guidelines on the limitation of human exposure to 
(EMR), little measurements have been done to evaluate compliance with the limits on 
exposure in the vicinity of base stations in Palestine, most of these measurements have 
been done for the macrocells base stations, while no measurements were done for the 
level of radiation from micro cells base stations. In response to public concerns, this 
study has been initiated at Al-Quds University. 
The general objective of this study is to assess the electromagnetic radiation levels 
emitted from micro cells mobile base stations in Bethlehem and Hebron cites. 
A database for microcells base station in Hebron and Bethlehem is supplied by the 
Palestine cellular communications Ltd (JAWWAL). This database includes information 
about 30 microcells base stations (sites, highest above ground and number of antennas). 
Digital maps were constructed for the sites of base stations in Bethlehem and Hebron 
cites. 
The exposure to electromagnetic radiation levels generated due to these microcells base 
stations were measured and compared with the reference level advised by the 
International Commission on Non-Ionizing Radiation Protection (ICNIRP) and the 
Palestinian Environmental Quality Authority (EQA) standards for exposure of the 
general public.            
This study present the radiation levels from 16 microcells mobile telephony base 
stations in Bethlehem and Hebron cities. Measurements of electric filed were at 200 
locations around these microcells mobile base stations that belong to JAWWAL. All 
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measurements were conducted at a high of 1.7 m above the ground level corresponding 
to the head position of an average adult, over six minutes under real life conditions 
using selective radiation meter BK 2650 handhold spectrum analyzer. The results show 
that all stations are licensed by the EQA. 
The result also illustrates that the maximum value for the electromagnetic radiation 
from microcell mobile telephony base stations was (8.51 mW/m2) which represents 
(0.2%) of the reference level advised by the ICNIRP standards for exposure of the 
general public, but represents (4.5 %) of the reference level advised by the EQA 
exposure for the general public at the short stay sights only. The average of the 
electromagnetic radiation was (1.14 mW/m2) which represents (0.02%) of the reference 
level advised by the ICNIRP, and 0.6% of the reference level advised by the EQA 
standards for exposure of the general public. In addition, the study shows that 
electromagnetic radiation levels are much lower than the exposure limit recommended 
by the international and Palestinian standards for the general public. 
The study illustrates that there is infers relationship between the power density and the 
highest of the antennas, also there is a relationship between the power density and the 
direction of the measurement. 
It has been noticed that there is a relationship between the electromagnetic radiation 
levels and the antenna heights at different distances for the microcells base station. The 
results also show that there is a relationship between the electromagnetic radiation 
levels and the direction with the bore sight for the antenna. 
In general, exposure to EM radiation from Microcell Mobile Telephony Base Stations in 
Hebron and Bethlehem areas is below the recommended limits of and ICNIRP and EQA 
standards for exposure of the general public, so exposures that comply with the 
guidelines are not considered hazardous.  
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 المنبعث من المحطات الميكرو خلوية  الإشعاعمستوى 
 فلسطين -في مدينتي بيت لحم والخليل 
 
 إعداد: رائد صبحي عبد القادر أحمد
 
 إشراف: د. عدنان اللحام
 
 الملخص
 ن قلإشدددددد نل  اددددددلدددددد  لناددددددح قللادددددن  اددددد  ق ااددددددن   قل ددددد   قللاددددددنا  لقدددددد القلددددددد قلق ددددد  
وخصوصددنل لدد  ق طادنن قو ادد   قلخ ويدح وا طناهدن لاقنلدحقلهوقاددا قل قلكه واغلانطيسديح قلالاث  دح اد 
يسددولاو  ثددنلق   ادد  مددات قلا طددن د و شددا ووددود ق شددندق  وا ددنلل  دوليددح وا  يددح ل دددود ا دد  
قللادددنا  اددد   قلإشددد ن  اسددداو ن  ق  ق  لددددد قلد قسدددن  قلاددد   ناددد  ثقيدددن  قلإشددد نلق فددد قد لا ددد  
دق وونلادد  ا وددل فقددد ل ددا د قسددح قلا طددن  ا طددن  قلهوقاددا قلخ ويددح فدد  ف سددطل  ونلادد    ل ددح ودد
وقسددداونثح  خ ويدددحقلانك وخ ويدددح فددد   دددل  لدددا اوودددد  ادددا مددداق قلادددن كر ق  د قسدددح ل ا طدددن  قلايو و 
 .و ك  مات قلد قسح ف  ونا ح قلقد أ د ماانا قلاوقطلال 
فد  قلالاث د  اد  قلا طدن  قلايو وخ ويدح  قلإشد ن ون  قلهدف قل ئيس  لهات قلد قسدح اقلديا اسداو   
 دللاا ثنلا طدن  قلايو وخ ويدح فد  اد بلادن   نلددب بينلادن  خنصدح ل  ادا  دادللاا  بل  ل ا وقلخ لل
 اصدن   قلخ ويدح قلا سدطللايح ل لهدن اد  شد وح ققلخ لل وبل  ل ا بلان ل ل ا ا  وان  اا قل صدون 
ا طددددح ايو وخ ويددددح و ددددد شددددا   مددددات  )03(ا  واددددن  لدددد    وددددوقن. وا اددددو   نلدددددب قلبينلاددددن –
). ق دنفح قلدا د ق  اادن  لد  سدطلا ق   د لددد قلثنل دن  قلااصد ح ثنلا طدن (قلاو عوان  قلا  
 ال  اا بلان  خ كطح ا دد اوق ع قلا طن  قلا  اا قساهدقفهن ثنلقين . 
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ل  قلالاث   ا  قلا طن  قلايو وخ ويح واا اقن لااه ثاواولح ا  قلا نل قلإش ن اا  ين  اساو  
 .لاؤكلاحح قلص ح قل نلايح وقلالاظاح قلدوليح ل  انيح ا  ق ش ح شل  قالاظا دا ل س طح وودب قلبلئح
خ ويددح ل هوقاددا اددنيو و ا طددح  )61( قلالاث دد  ادد  قلإشدد ن ا دد  مددات قلد قسددح لااددنئ   يددن  شدددب 
قلاودددنن   يدددن  شددددبد ادددا وقلخ لدددلبلددد  ل دددا  ث دددح لشددد وح ودددوقن قلا سدددطللايح فددد  الاطقاددد قلان قللاقنلدددح
و نفح قلقد ب  ا  سن  واقدل   ايو و خ ويحقل ن ا طقل ماتنلق   ا  او ع ث )002( ف  قلكه بنئ 
د ومدو ااوسدد ق اادن   أ  ااد  لد  سدطلا ق    )7.1( ق اادن  الاهن ل داقلالاث    قلإش ن شدب ل
 0562 KBوهدددنل ثنسددداخدقا  د دددنئ  )6(د ونلاددد  اددددب قلقيدددن  فددد  ودددل لاقطدددح قلثدددنل  قلإلاسدددن 
 . rezylana murtceps dlohdnah
وايع قلا طدن  قلايو وخ ويدح ا بد  قلشد وف قلالايدح قلاد  و د   اد   بدل  أ انئ  قلد قسح لا أظه  
شدددن ق    اددد  قلإأد لكددد    لوودددد سددد طح ودددودب قلبلئدددح وقلالاظادددن  قلدوليدددح قلاخاصدددح بهددداق قلاودددنن
  شنديح ثنلق   ا  مات قلا طن .و قلإأقلا ال كح 
خ ويددح ل هوقاددا قلادددنيو و ادد  قلا طددن   قلإشدد ن لشدددب  قلقيادددح قل ظاددا أ ي ددنل أقللاادددنئ   أظهدد  
ا  قل د ق ل دا قلاسداوب ثده  سد   )%2.0( ومات قلقياح اا ل) 2وقف/ا ا   15.8ونلا  ( قللاقنلح
) 5.4%( اسدنو  ألاهدنوادن  )PRINCI( ن  شلد  قلاؤكلادحقلإشد نلقلدوليدح ل و نيدح اد   قل ولادح ا دنلل 
ل ا طدددن  قلاددد  ادددوف   )AQE(لئدددح قلاسددداوب ثددده  سددد  ا دددنلل  سددد طح ودددودب قلب ق ل دددا  قل دددد اددد
 دددون قلا طدددن   قلإشددد ن ادددن ااوسدددد و نفدددح شددددب أ .قلاغطيدددح لالادددنط  قل  ودددح فقدددد ا دددل قلشدددوق  
ق ل دا قلاسداوب ثده  اد  قل دد )%20.0( ومد  اا دل) 2ا وقف / ا د  41.1( فونلاد قلايو وخ ويدح 
 اسددنو  ألاهددنواددن  د)PRINCIن  شلدد  قلاؤكلاددح (قلإشدد نلقل ولاددح قلدوليددح ل و نيددح ادد   ا ددنلل  سدد  
 أظهدد  لقددد . )AQE(قلاسدداوب ثدده  سدد  ا ددنلل  سدد طح وددودب قلبلئددح  ق ل دداادد  قل ددد  %)6.0(
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 دل ثو لد  اد  قل دد ق ل دا ألالاث د  اد  قلا طدن  قلايو وخ ويدح ق قلإشد ن اساو  شدب  أ قلد قسح 
 .ا سطللايحقلاساوب ثه  س  قلا نلل  قلدوليح وقل
قلالاث دد  ادد  قلا طددن  قلايو وخ ويددح  قلإشدد ن ح بددل  اسدداو  لددو م ادد  خددرن قلد قسددح ووددود لر دد
قللاادنئ  وودود لر دح بدل  اسداو   أظهد  وادن وق اادن  قلثنل دن  قلا اثطدح بهدن ومد  لر دح لوسديحد 
  .قلكه واغلانطيس  قلالاث   ا  قلا طن  قلايو وخ ويح وق اونت قلإش ن 
قلالاث  دح اد  قلا طدن   واغلانطيسديحقلكه  للأشد حقلا د   أ  إلدالقدد خ صد  قلد قسدح ثشدول لدنا 
 قلاسداوب ثده اد  ق ل دا اد  قل دد ل دأطقاد  قلخ لدل وبلد  ل دا قلايو وخ ويح ل هوقاا قللاقنلح فد  الا
كلادح ن  شل  قلاؤ قلإش نلل و نيح ا   وقل ولاح قلدوليحوودب قلبلئح والاظاح قلص ح قل نلايح   بل س طح
لاددددو  ادددد  قلخطددد  ل ددددا سددددراح  أ شددددول   ي  نقلإشدددد نل  قلا ددد  لهددددات إلددددال  فدددد .)PRINCI(
 .ق لاسن  ف  مات قلالانط 
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Chapter (I) 
Introduction 
1.1Wireless communication  
          Cellular wireless telephones have become ubiquitous. Over the   last years, the 
total number of mobile-broadband subscriptions in developing countries is expected to 
reach 3.6 billion by end of 2016 ( I T U, 2016). In some parts of the world, mobile 
phones are the most reliable or the only phones available (WHO, 2014).Wireless 
technology is based on extensive networks of base stations that connect users through 
radiofrequency (RF) signals. The radio waves used in mobile telephony are, like visible 
light and X-rays, electromagnetic waves that consist of both an electric and a magnetic 
component which vary periodically in time. The frequency of variation determines the 
wave properties and uses (Abdelati, 2005). Radio waves, which can be used for various 
types of communication are found in the lower part of the spectrum and classified as 
non-ionizing radiation (Walke, 1999).  
Usually, base stations are more numerous in populated areas than in non-populated ones 
to serve as many users as possible while maintaining high service quality (viel, J. et al, 
2009). 
 The early mobile telephony systems such as Nordic Mobile Telephony (NMT), Total 
Access Communication System (TACS), and Advanced Mobile Phone System (AMPS), 
use analog telephony while newer systems such as Global System for Mobile (GSM) 
use digital technology. GSM system operates in either the 900 MHz or 1800 MHz 
bands. The 900 MHz band is utilized in Palestine; only 24 channels are allocated for 
Jawwal Company (Palestinian Territories, 2009). 
Digital systems have several advantages compared with analog systems: for example, 
higher user capacity, increased privacy, lowers power consumption, and better 
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immunity to interference (John Wiley & Sons Ltd, Chichester, 1999). The GSM is 
adopted in Palestine by tow Companies, Jawwal and Al Watanya. The overall system is 
made up of a network of radio base stations, each of which covers a certain 
geographical area (called a cell) and which together provide coverage for a larger area. 
 
1.2 Mobile telephone Base stations  
The base stations, which continuously send and receive signals, are linked by cable or 
radio links to the fixed network via mobile exchanges that direct traffic and keep track 
of where in the network each activated mobile telephone is located (John Wiley & Sons 
Ltd, Chichester, 1999). The cells are grouped into clusters. The number of cells in a 
cluster must be determined so that the cluster can be repeated continuously within the 
covering area. The typical clusters contain 4, 7, 12 or 21 cells. The total number of 
channels per cell depends on the number of available channels and the type of cluster 
used.  
 
1.3 Types of Base Stations 
There are many different types of cells base stations used by operators. The cells vary in 
size depending on the density of mobile phone users, purpose of the site and the 
topography of the surrounding area rather than in terms of technical constraints such as 
radiated powers or antenna heights (El-Wasife, 2010). 
The largest cells are known as macrocells. Smaller cells, particularly those in urban 
areas, can be classified as microcells or picocell. The definition of the different cell 
categories provided by the Mobile Operators Association are given below.  
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1.3.1 Macrocell base station:  
provides the main coverage in a mobile network. The antennas are mounted on ground- 
based masts, rooftops and other existing structure. They must be positioned at a height 
that is not obstructed by surrounding building and terrain as shown in figure (1). 
Macrocell base stations have a typical power output of tens of watts. (MOA, 2003). 
 
 
Figure (1): Macro cell base station 
 
1.3.2 Microcells base station: 
provide infill radio coverage and additional capacity where there are high numbers of 
users within microcells. The antennas for microcells are mounted at street level, 
typically on the external walls of existing structure, lamp posts and other street furniture 
as shown in figure (2). The antennas are smaller than macro cells antennas. Typically, 
microcells provide coverage across smaller distances than the macrocell, and are placed 
300-1000 m apart as shown in figure (4). They have lower outputs than macrocells, 
usually a few watts. (MOA, 2003) 
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Figure (2): Micro cell base station 
 
1.3.3 Picocell base station: 
provides more localized coverage than a microcell. They are normally found inside 
buildings where coverage is poor or where there are a high number of users, such as 
airport terminals, train stations or shopping centers as shown in figure (3).  
 
 
Figure (3): Pico cell base station 
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Figure (4): Coverage area of the three types of stations. (MOA, 2013) 
 
1.4 Work principle for microcell base station: 
When a mobile phone is switched on, it responds to specific control signals from nearby 
base stations. When it has found the nearest base station in the network to which it 
subscribes, it initiates a connection. The phone will then remain dormant, just 
occasionally updating with the network, until the user wishes to make a call or a call is 
received. Mobile phones use automatic power control as a means of reducing the 
transmitted power to the minimum possible whilst maintaining good call quality. For 
example, while using a phone the average power output can vary between the minimum 
levels of about 0.001 watt up to the maximum level which is less than 1 watt. This 
feature is designed to prolong battery life and possible talk time (El-Wasife, 2010). 
 
1.5 Architecture of the GSM network: 
A GSM network is composed of several functional entities, whose functions and 
interfaces are specified. Figure (5) shows the layout of a generic GSM network. The 
GSM network can be divided into three broad sections. The Mobile Station is carried by 
the subscriber. The Base Station Subsystem controls the radio link with the Mobile 
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Station. The Network Subsystem, the main part of which is the Mobile services 
Switching Center, performs the switching of calls between the mobile and other fixed or 
mobile network users, as well as handling mobility management. Not shown is the 
Operations and Maintenance Center, which oversees the proper operation and setup of 
the network. The Mobile Station and the Base Station Subsystem communicate across 
the Um interface, also known as the air interface or radio link. The Base Station 
Subsystem communicates with the Mobile services Switching Center across the A 
interface. 
 
1.5.1 Mobile Station 
The mobile station (MS) consists of the mobile equipment (the terminal) and a smart 
card called the Subscriber Identity Module (SIM). The SIM provides personal mobility, 
allowing the user to have access to subscribed services irrespective of a specific 
terminal. By inserting the SIM card into another GSM terminal, the user is able to 
receive calls at that terminal, make calls from that terminal, and receive other 
subscribed services. The SIM card contains the International Mobile Subscriber Identity 
(IMSI) used to identify the subscriber to the system, a secret key for authentication, and 
other information. The International Mobile Equipment Identity (IMEI) and the 
International Mobile Subscriber Identity (IMSI) are independent, thereby allowing 
personal mobility. The SIM card may be protected against unauthorized use by a 
password or personal identity number. 
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SIM Subscriber Identity Module ME Mobile Equipment         
BTS Base Transceiver Station MSC Mobile services Switching Center 
EIR Equipment Identity Register     AUC Authentication Center    
BSC Base Station Controller HLR Home Location Register 
VLR Visitor Location Register Abis: Automated Biometric Identification Systems  
Figure (5): Architecture of a GSM network 
 
 1.5.2 Base Station Subsystem 
The Base Station Subsystem is composed of two parts, the Base Transceiver Station 
(BTS) and the Base Station Controller (BSC). These communicate across the 
standardized Abis interface allowing (as in the rest of the system) operation between 
components made by different suppliers. The Base Transceiver Station houses the radio 
transceivers that define a cell and handles the radio link protocols with the Mobile 
Station. In a large urban area, there will potentially be a large number of BTSs 
deployed, thus the requirements for a BTS are ruggedness, reliability, portability, and 
minimum cost. The Base Station Controller manages the radio resources for one or 
more BTSs. It handles radio channel setup, frequency hopping, and handovers, as 
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described below. The BSC is the connection between the mobile station and the Mobile 
services Switching Center (MSC).  
      
1.5.3 Network Subsystem 
The central component of the Network Subsystem is the Mobile services Switching 
Center (MSC). It acts like a normal switching node of the Public Switched Telephone 
Network (PSTN) or Integrated Services Digital Network (ISDNM) and additionally 
provides all the functionality needed to handle a mobile subscriber, such as registration, 
authentication, location updating, handovers, and call routing to a roaming subscriber. 
These services are provided in conjunction with several functional entities, which 
together with the MSC form the Network Subsystem. The MSC provides the connection 
to fixed networks, such as the PSTN or ISDN. Signaling between functional entities in 
the Network Subsystem uses Signaling System Number 7 (SS7) used for trunk signaling 
in ISDN and widely used in current public networks.  
The Home Location Register (HLR) and Visitor Location Register (VLR) together with 
the (MSC) provide the call routing and roaming capabilities of (GSM). The HLR is a 
database that contains all the administrative information of each subscriber registered in 
the corresponding GSM network, along with the current location of the mobile. The 
location of the mobile is typically in the form of the SS7 signaling address of the VLR 
associated with the mobile station. There is logically one HLR per GSM network, 
although it may be implemented as a distributed database.  
The Visitor Location Register (VLR) contains selected administrative information from 
the HLR, necessary for call control and provision of the subscribed services, for each 
mobile currently located in the geographical area controlled by the VLR. Although each 
functional entity can be implemented as an independent unit, all manufacturers of 
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switching equipment to date implement the VLR together with the MSC, so that the 
geographical area controlled by the MSC corresponds to that controlled by the VLR, 
thus simplifying the signaling required. Note that the MSC contains no information 
about particular mobile stations; this information is stored in the location registers. 
The other two registers are used for authentication and security purposes. The 
Equipment Identity Register (EIR) is a database that contains a list of all valid mobile 
equipment on the network, where each mobile station is identified by its International 
Mobile Equipment Identity IMEI. An IMEI is marked as invalid if it has been reported 
stolen or is not type approved. The Authentication Center (AuC) is a protected database 
that stores a copy of the secret key stored in each subscribers SIM card, which is used 
for authentication of the subscriber, as well as encryption over the radio channel   
 
1.5.4 Multiple access and channel structure 
        The GSM system operates in either the 900 MHz or 1800 MHz band. The 900 
MHz band is utilized in Palestine by Palestine cellular company (Jawwal). This band is 
divided into two regions: The uplink band (890 MHz to 915 MHz) which is used by the 
mobile phones and the downlink band (935 MHz to 960 MHz) which is used by base 
stations. Each link band is divided into 200 KHz channels, thereby, providing 124 
channels for communications and one needed for technical reasons. Out of the 124 
channels, only 24 are allocated for Jawwal Company, while the rest are reserved for 
other networks. The signals transmitted by Jawwal base stations are within the 
frequency band 955.2 MHz to 960 MHz while the signals transmitted by Jawwal mobile 
phones are within the frequency band 910.2 MHz to 915 MHz. 
The microcells base station transmitted one radio signal q uasi-continuously and this 
known as the Broadcast Control Channel (BCCH) carrier because it carries important 
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signaling information that is used to set up calls. The BCCH carrier can also serve up to 
seven mobile phone calls simultaneously, so it may give sufficient capacity for base 
station in a lightly loaded area. Where there is the potential need for more than seven 
phone calls at the same time, a base station can be configured to transmit extra carriers 
(non-BCCH) carriers, each allowing the base station to provide a further eight mobile 
phone calls (Mann et al, 2000). 
GSM base station use Time Division Multiple Access (TDMA) within each radio 
carrier so base station communicates with any given mobile phone by sending out 217 
frames of information every second. Each frame is divided into eight timeslots of 0.58 
ms duration and each timeslot is used for the downlink to a particular mobile phone. 
The BCCH carrier is transmitted at full power in all eight timeslots, even when no calls 
are being handled, whereas the non- BCCH carriers (if available) are only transmitted 
when calls are present. 
 
1.6 Problem Statement 
Study of the EM radiation levels from microcell mobile telephony base station is one of 
the most important topics for many reasons: 
First of all the dramatic increase in mobile phone usage in recent years especially with 
the falling cost, causes the rapid growth in the number of mobile phone subscribers. 
Consequently, mobile phone base stations have become a common sight at the cities. 
Secondly, very limited information is available on the exposure of general public to RF 
radiation emitted from microcells base station in residential areas, because most of 
studies and researches focus on macro cells base station. 
Finally, most of peoples still believe that there is a strong relationship between the 
mobile base station and the dangerous health effects such as cancer, so they refused to 
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have those stations around the neighborhood, or even closer to their surroundings. 
Based on this assumption we will study EM radiation levels emitted from the microcells 
base stations and compare it with the exposure limits recommended by Palestinian 
Protocol, International Commission on Non Ionizing Radiation Protection (ICNIRP), 
World Health Organization (WHO) to figure out rightness of such belief. 
   
1.7 Objectives 
The present study aims to: 
1. Measure the level of radiation emitted by microcells mobile base stations in 
Bethlehem and Hebron cites. 
2. Compare the radiation measurements with Palestinian Protocol and (WHO), 
(ICNIRP) standard for human exposure to EM radiation. 
3. Determine the relationship between the heights of mobile phone base stations and 
the level of radiation. 
4. Determine the relationship between the direction with the boresight of the antenna 
of the base stations and the level of radiation. 
 
1.8 Hypotheses   
Taking into consideration, the set objectives, questions and variables of the study, the 
following hypotheses were proposed:  
1. There are no statistically significant differences at α≤0.05 in the power density 
scores of the sampled population by base station. 
2. There are no statistically significant correlation at α≤0.05 between the high of 
antenna and the power density scores of the sampled population. 
3. There are no statistically significant differences at α≤0.05 in the power density 
scores of the sampled population by angle (direction) with the bore sight. 
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1.9 Literature review 
1) Cooper, T G et al. (2004).  
Twenty GSM base stations in the UK were selected at random from a group of 3000 
that had low antenna height and radiated low power, in accordance with the accepted 
characteristics of microcell and picocell base stations. A compliance distance in terms 
of the reference level advised by ICNIRP for exposure of the general public was 
determined for the antenna of each of the selected base stations, based on technical 
information provided by the network operators. Under conservative assumptions, the 
minimum height at which the reference level could potentially be exceeded at any of the 
sites is 2.4 m above ground level. 
On the basis of the results of the measurements and calculations carried out for the 
twenty selected microcell base stations, members of the public would not be exposed in 
excess of the ICNIRP guidelines whilst standing on the ground at any of the sites. 
Exposures were generally in the range 0.002-2% of the ICNIRP general public 
reference level, and the greatest exposure quotient near any of the base stations was 
8.6%. Exposures close to microcell base stations were found to be generally greater than 
those close to macrocell base stations. Exposures that comply with the guidelines are 
not considered hazardous. 
 
2) Mann, S M et al. (2000). Spectral measurements were obtained over the 30 MHz to 
2.9 GHz range at 73 of the locations so that total exposure to radio signals could be 
assessed. The geometric mean total exposure arising from all radio signals at the 
locations considered was 2 millionths of the NRPB investigation level, or 18 millionths 
of the lower ICNIRP public reference level; however, the data varied over several 
decades. The maximum exposure at any location was 230 millionths (0.023%) of the 
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NRPB investigation level, or 1800 millionths (0.18%) of the ICNIRP reference level. 
The exposures are therefore well within guidelines and not considered hazardous. 
 
3) Koprivica, M. Petric, N. Neskovic, A. Neskovic. Statistical Analysis of 
Electromagnetic Radiation Measurements in the Vicinity of Indoor Microcell 
GSM/UMTS Base Stations in Serbia. 
In order to determine the level of radiofrequency radiation generated by base stations of 
Global System for Mobile Communications and Universal Mobile Telecommunication 
System, extensive electromagnetic field strength measurements were carried out in the 
vicinity of 664 base station locations, which were classified into 3 categories: indoor, 
masts and locations with installations on buildings. Although microcell base stations 
with antennas installed indoors typically emit less 
power than the outdoor macrocell base stations, the fact that people can be found very 
close to the antennas requires the exposure originating from these base stations to be 
carefully considered. Measurement results showed that the maximum recorded value of 
electric field strength has exceeded International Commission on Non-Ionizing 
Radiation Protection reference levels at 7% of indoor base station locations. At the same 
time this percentage was much lower in the case of masts 
and installations on buildings (0% and 2.5%, respectively). 
 
4) Khatib, M. (2014): Evaluation of Electromagnetic Radiation Safety from Wireless 
Transmission Systems in Tulkarm City – Palestine. Palestine Technical University – 
Kadoorie, Palestine (International Journal of Engineering and Innovative Technology 
(IJEIT) Volume 3, Issue 10, April 2014 
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 Electromagnetic fields of all frequencies represent one of the most common and fastest 
growing environmental influences, about which anxiety and speculation are spreading. 
There is a general concern on the possible hazardous health effects of exposure to these 
radiations. This paper aims to measure radiofrequency radiation levels from different 
wireless systems at the same time and to compare the results with the recommended 
limits by the International Commission on Non-Ionizing Radiation Protection (INCRIP) 
and the World Health Organization (WHO), and to develop a radiation scale for the city 
of Tulkarm to determine the dangerous places (if found) and give recommendation to 
the society. After taking 150 readings from all over Tulkarm city in the frequency range 
100 KHz to 3GHz, all the readings were below1.6uw/cm2, which are below the limits 
of radiations recommended. Most of the readings in tested area (62% of the area) were 
below 0.1uw/cm2, which are > 4500 time less than the maximum allowed level 
(450uw/cm2), which is equivalent to less than 0.022% of that level. 
 
5) Lahham, A, Hammash, A (2011):This work presents the results of exposure levels to 
radio frequency (RF) emission from different sources in the environment of the West 
Bank—Palestine. These RF emitters include FM and TV broadcasting stations and 
mobile phone base stations. Power densities were measured at 65 locations distributed 
over the West Bank area. These locations include mainly centers of the major cities. 
Also a 24 h activity level was investigated for a mobile phone base station to determine 
the maximum activity level for this kind of RF emitters. All measurements were 
conducted at a height of 1.7 m above ground level using hand held Narda SRM 3000 
spectrum analyzer with isotropic antenna capable of collecting RF signals in the 
frequency band from 75 MHz to 3 GHz. The average value of power density resulted 
from FM radio broadcasting in all investigated locations was 0.148 μW cm−2, from TV 
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broadcasting was 0.007 μW cm−2 and from mobile phone base station was 0.089 μW 
cm−2. The maximum total exposure evaluated at any location was 3.86 μW cm−2. The 
corresponding exposure quotient calculated for this site was 0.02. This value is well 
below unity indicating compliance with the International Commission on non-ionizing 
Radiation protection guidelines. Contributions from all relevant RF sources to the total 
exposure were evaluated and found to be ∼62 % from FM radio, 3 % for TV 
broadcasting and 35 % from mobile phone base stations. The average total exposure 
from all investigated RF sources was 0.37 μW cm−2. 
 
6)Yassin et al., (2010): has levels of exposure to electromagnetic fields from mobile 
phones base-stations in Khartoum - Khartoum Nort. The measurements for the field 
strength and the power density were taken in some selected locations with special focus 
on busy streets, squares and other public places such as bus stations, student hostels and 
hospitals during February 2008. Measurements were carried using the reliable and most 
advanced monitoring device (Spectran HF 4040). Measured Power density was found to 
lie between a minimum value of 4.9 × 10−7 W/m2 and a maximum of 0.025 W/m² and 
which is quite small compared to the international standard limits like those adopted by 
The International Commission on Non- Ionizing Radiation Protection (ICNIRP) which 
is 4.5W/m² for the public and 22.5W/m² for those professionals involved in 
telecommunications industry. Since strict adherence to national safety standards will 
protect everyone in the population, further research is recommended on the 
subject along with setting of Sudanese standards to cover different aspects of the issue 
namely local climatic conditions, quality & specifications of base-stations and total 
exposure. It is worth mentioning that other countries have their own standards and 
specifications in the field. 
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7)  Abdelati, (2005): has studied Electromagnetic radiation from mobile phone base 
stations at Gaza, It aims to highlight relevant international work and develop computer 
tools which simplify estimating and measuring EMF levels in our city. The 
implemented software package stores the base stations parameters and coordinates in a 
data base and then generates tables and maps that illustrate EMF levels estimated 
theoretically. Moreover, it can communicate with a measuring device and store actual 
measurements in the database so that it is used to generate maps and tables. It is found 
that real measurements are consistent with Theoretical ones and they are much lower 
than the exposure limit recommended by the international health organizations. 
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Chapter (II) 
Assessment of the electromagnetic radiation 
2.1 Electromagnetic radiation: 
     An electromagnetic wave consists of two components - electric and magnetic field as 
shown in figure (6). The electric field results from the force of voltage, the higher the 
voltage, the stronger will be the resultant electric field, and the magnetic field results 
from the flow of current, the greater the current, the stronger the magnetic field. 
Electromagnetic radiation may be considered as a series of waves of energy composed 
of oscillating electric and magnetic fields that travel through space with the speed of 
light (Irwin, 2002). 
Electric field is perpendicular to magnetic field and both are perpendicular to the 
direction of the propagation of the electromagnetic wave as represented in figure (6).       
  
 
Figure (6): Two components of the electromagnetic wave. 
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2.2 Types of the electromagnetic radiation 
In general Electromagnetic radiation can be classified into two main types according to 
the frequency ionizing and non-ionizing radiation (Ministry of communication- India, 
2012). 
2.2.1 Ionizing Radiation 
Ionizing radiation is capable of stripping electrons from atoms and breaking chemical 
bonds, creating highly reactive ions (atoms or molecules that have an electric charge. 
Radioactive materials, those that contain atoms that have unstable nuclei, occur 
naturally and emit ionizing radiation in a process known as radioactive decay. 
The most common types of ionizing radiation are alpha particles(α), beta particles(β), 
gamma rays(γ), and 𝑋 − 𝑟𝑎𝑦𝑠. The particles and rays cannot be seen, heard, tasted, 
smelled, or felt, which is why ionizing radiation remained undiscovered until the late 
1800 even though many ordinary materials emit small amounts. 
Natural sources include the soil, water, air, food, and building materials. Man-made 
devices such as 𝑋 − 𝑟𝑎𝑦𝑠 machines also produce ionizing radiation. Potential sources 
include nuclear accidents involving medical or industrial nuclear material or terrorist 
actions involving nuclear devices (USUHS, 2014). 
The electromagnetic spectrum that represents the ionizing and nonionizing radiation is 
illustrated in figure (7). 
 
2.2.2 Non-Ionizing Radiation 
Non-ionizing radiation has less energy than ionizing radiation; it does not possess 
enough energy to produce ions. Examples of non-ionizing radiation are visible light, 
infrared, radio waves, microwaves, and sunlight. Global positioning systems (GPS), 
cellular telephones, television stations, FM and AM radio, baby monitors, cordless 
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phones, garage-door openers, and ham radios use non-ionizing radiation. Other forms 
include the earth’s magnetic field, as well as magnetic field exposure from proximity to 
transmission lines, household wiring and electric appliances. 
These are defined as extremely low-frequency waves (USUHS, 2014). The lower part 
of the frequency spectrum is considered Non-ionizing (Fluor Corporation, 2005). 
 
 Figure (7): Electromagnetic spectrum (Fluor Corporation, 2005).  
 
2.2.2.1 Radiofrequency radiation: 
        Radiofrequency radiation is part of the non – ionizing electromagnetic radiation; 
probably the most important use for RF radiation is in providing telecommunications 
services. Radio and television broadcasting, cellular telephones, radio communications 
for police and fire departments, amateur radio, microwave point-to-point links, and 
satellite communications are just a few of the many telecommunications applications. 
Microwave ovens are a good example of a no communication use of RF radiation. 
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People are exposed to RF radiation in many ways. The primary natural source of 
radiofrequency fields is the sun. Manmade sources are the main source of RF radiation 
exposure (WHO, 2008). Wireless communications sources have increased greatly in 
recent years and there is continuing change in the frequencies used and variety of 
application.  However, the most prevalent and rapidly growing exposure is related to the 
increasing use of mobile telephones base station. 
 
2.3 Beam Shapes and Directions from antenna: 
The antenna used in base station is either of the Omni or sectored type as shown in 
figure (8). Omni antennas transmitting a signal over a large area in all directions or 
receiving signals in all directions in the horizontal plane as shown in figure (9). While 
sector antennas effectively only radiate in a specified direction in a horizontal sector as 
shown in figure (10). In addition to this horizontal directionality, the antenna lobe will 
also have a strong vertical directionality, with a fairly narrow beam, which is often tilted 
slightly downward as shown in figure (10), (Kitchen, 2001). 
A tri-sectored site has antennas mounted in an equilateral triangle pattern to illuminate 
three different cells. The effect of sectorisation increase the re-use of frequencies, since 
it reduce interference. Most base station in high traffic density areas such as cities are of 
the sector type. The exposure behind a sector antenna could be 300 times weaker than in 
the main lobe (Ramsdale and Wiener, 1999). 
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                       Omni antenna                                             sector antenna 
Figure (8): Omni and sector antennas 
    
Figure (9): Direction of main radiation from Omni antenna 
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Figure (10): Horizontal and vertical direction of main radiation from sector antenna 
 
The power from antennas used with microcell base stations is radiated in conical fan-
shaped beams, which are essentially directed towards the horizon with a slight 
downward tilt. This is illustrated in figure (11) below and it causes the radio wave 
strengths below the antennas and at the base of masts to be very much lower than 
directly in front of the antennas at a similar distance (MOA, 2013). 
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Figure (11): Beam shape and direction (MOA, 2013) 
 
 2.4 Guidelines for Exposure to Electromagnetic Radio waves: 
To control the amount of Electromagnetic energy emitted from mobile base stations and 
hence reduce its consequences on human health, guidelines, practices and 
recommendations have been initiated by government agencies and international 
organizations. 
The most known guidelines are those recommended by the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP, 1998) and the Institute of Electrical and 
Electronics Engineers (IEEE, 2005). The standard established by ICNIRP as shown in 
table (1) is adopted mainly in West Europe while The IEEE standard for EM radiation 
exposure, called “Maximum Permissible Exposure” (MPE), as shown in table (2) is 
adopted mainly in the United States and also in some other countries. 
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Table (1): ICNIRP reference levels for occupational and general public exposure to                 
EMF in the frequency range from 10MHz to 300GHz.  
 
Frequency 
 
EF strength 
(V/m) 
M F Strength 
( A/m) 
Power density 
(W/m2) 
Occupational 
10-400 MHz 61 0.16 10 
400-2000 MHz 3 f1/2 0.008f1/2 f/40 
2-300 G Hz 137 0.36 50 
General public 
10 -400 MHz 28 0.073 2 
400-2000 MHz 1.375 f1/2 0.0037f1/2 f/200 
2-300 GHz 61 0.16 10 
 f is the frequency in MHz 
 
The variation of the levels specified for radiation levels as function of frequency is 
shown in figure (12). The ICNIRP reference level for exposure of the general public is 
five times below the occupational reference level.  
 
Figure (12): Variation of the ICNIRP reference levels of E M radiation levels as a function 
of frequency 
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Table 2: IEEE reference levels for occupational and general public exposure to 
EM radiation in the frequency range from 300 - 3000MHz. 
 Frequency 
( MHz) 
Power density 
(mW/cm2) 
Occupational 300 -  3000 f/300 
General public 300 - 3000 f/1500 
 
The reference levels of the Belgian exposure to EM radiation in the frequency range 
from 10MHz to 10GHz summarizes by Table (3). 
Table 3: Belgian standard for exposure to EM radiation 
Frequency Power density (W/m2) Electric Field (V/m) 
10 MHz – 400 MHz 0.5 13.7 
400 MHz – 2 GHz f/800 0.686 f ½ 
2 GHz – 10 GHz 2.5 30.7 
 
The reference levels of the Palestinian exposure to EM radiation in the frequency range 
from 400- 2000 MHz established by Palestinian Environmental Quality Authority 
“Ministerial Decree No. (1) for the year 2009, on the granting of environmental 
approval for the establishment and operation of Cell broadcast that issued by the 
President of the Environmental Quality Authority” summarizes by Table (4) 
Table (4): Palestinian Standard for RF radiation Exposure  
 Time of Stay Frequency ( MHz) Power Density (W/m2) 
General Public Prelonged Stay 
400 - 2000 
    (1/250)*(f/200) 
Short Stay     (1/25)*(f/200) 
Occupational Prelonged Stay     (1/250)*(f/40) 
Short Stay     (1/25)*(f/40)     
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Such organizations set guidelines which restrict the amount of electromagnetic energy 
dissipated in the human body. These limits are provided for both general public and 
personnel working on site (occupational) limits. The occupationally exposed population 
consists of adults who are generally exposed under known conditions and are trained to 
be aware of potential risk and to take appropriate precautions. By contrast, the general 
public comprises individuals of all ages and of varying health status, and may include 
particularly susceptible groups or individuals. 
 In many cases, members of the public are unaware of their exposure to EMR. 
Moreover, individual members of the public cannot reasonably be expected to take 
precautions to minimize or avoid exposure. It is these considerations that underlie the 
adoption of more stringent exposure restrictions for the public than for the 
occupationally exposed population. 
Due to the fact that the environment for workers can somewhat be controlled, 
occupational exposure limit is generally higher than non-occupational (public) exposure 
limit in all international protection standards. 
 
2.5 General statement on safety factors 
There is insufficient information on the biological and health effects of EMR exposure 
of human populations and experimental animals to provide a rigorous 
basis for establishing safety factors over the whole frequency range and for all 
frequency modulations. In addition, some of the uncertainty regarding the appropriate 
safety factor derives from a lack of knowledge regarding the appropriate dosimetry. The 
following general variables were considered in the development of safety factors for 
high-frequency fields: 
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1. Effects of EM radiation exposure under severe environmental conditions such as 
high temperature and high activity levels. 
2. The potentially higher thermal sensitivity in certain population groups, such as the 
frail and/or elderly, infants and young children, and people with diseases or taking 
medications that compromise thermal tolerance. 
The following additional factors were taken into account in deriving reference levels for 
high-frequency fields: 
1. Differences in absorption of electromagnetic energy by individuals of different 
sizes and different orientations relative to the field.  
2. Reflection, focusing, and scattering of the incident field, which can result in 
enhanced localized absorption of high-frequency energy. (Repacholi 1998) 
 
2.6 Basic restrictions and reference levels 
Restrictions on the effects of exposure are based on established health effects and are 
termed basic restrictions. 
 Depending on frequency, the physical quantities that used to specify the basic 
restrictions on exposure to EMF are current density, Specific Absorption Rate (SAR), 
and power density. Protection against adverse health effects requires that these basic 
restrictions are not exceeded. Reference levels of exposure are provided for comparison 
with measured values of physical quantities; compliance with all reference levels given 
in these guidelines will ensure compliance with basic restrictions. If measured values 
are higher than reference levels, it does not necessarily follow that the basic restrictions 
have been exceeded, but a more detailed analysis is necessary to assess compliance with 
the basic restrictions. 
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Different scientific bases were used in the development of basic exposure restrictions 
for various frequency ranges: 
1. Between 1 Hz and 10 MHz, basic restrictions are provided on current density to 
prevent effects on nervous system functions. 
2. Between 100 kHz and 10 GHz, basic restrictions on SAR are provided to prevent 
whole-body heat stress and excessive localized tissue heating; in the 100 kHz–10 
MHz range, restrictions are provided on both current density and SAR. 
3. Between 10 and 300 GHz, basic restrictions are provided on power density to 
prevent excessive heating in tissue at or near the body surface. 
Currently existing standards and guidelines (e.g. ICNIRP, IEEE C95.1) take a rate at 
which RF electromagnetic energy is absorbed in the body, i.e. Specific Absorption Rate 
(SAR) as a dosimetric quantity. For a pulsed environment an absorbed energy density 
(Specific Absorption - SA) is applied only for special kinds of exposure: it is either an 
exposure to a single pulse or when there are less than five pulses with a pulse-repetition 
period of less than 100ms. (IEEE C95.1, 1991), or to pulses of duration less than 30 ms. 
If the unit SAR is to be applied, measurement results have to be averaged over 6 
minutes. In practice, it is impossible to perform direct measurements of SAR. 
Therefore, recommended measurement practice introduced exposure levels in terms of 
unperturbed electric and magnetic field strength in the near field and power density in 
the far field, in addition to absorbed energy units. Where appropriate, the reference 
levels are obtained from the basic restrictions by mathematical modeling and by 
extrapolation from the results of laboratory investigations at specific frequencies. They 
are given for the condition of maximum coupling of the field to the exposed individual, 
thereby providing maximum protection as shown in table (5).  
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Table 5: Basic restrictions for time varying electric and magnetic fields for 
Frequencies up to 10 GHz.  (ICNIRP, 1998) 
Exposure 
characteristics 
Frequency range 
Current 
density for 
head and 
trunk(mA m-
2) 
Whole-
body 
average 
SAR 
(W kg-1) 
Localized 
SAR 
(head and 
trunk) 
(W kg-1) 
Localized  
SAR 
(limbs) 
(W kg-1) 
occupation 4 Hz–1 kHz  10 — — — 
1–100 kHz f/100 — — — 
100 kHz–10 MHz f/100 0.4 10 20 
10 MHz–10 GHz – 0.4 10 20 
General 
public 
 
up to 1 Hz 8/f — — — 
1–4 Hz 2 — — — 
4 Hz-1 kHz f/500 — — — 
1–100 kHz f/500 — — — 
100 kHz–10 MHz — 0.08 2 4 
10 MHz–10 GHz — 0.08 2 4 
 
2.7 Effects of Radio Frequency Radiation (RFR) 
RF radiation exposure from both mobile phones and mobile towers may have possible 
thermal/non-thermal effects caused by holding Mobile phones close to the body. More 
the use of mobile phone, higher will be the temperature increase of ear lobes (Ministry 
of communication, India, 2012). 
Exposure to RF radiation can increase the body temperature by heating of tissues. This 
is known as the thermal effect. There is some discussion about other effects caused by 
RF radiation other than by thermal effect. However, no evidence is established yet. 
The scientific community and international bodies agree that further research is needed 
to improve our understanding in some of these areas. At the moment, there is 
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insufficient and inconclusive scientific findings to prove any adverse health effects 
caused by RF radiation (El-Wasife, 2010). 
 
2.7.1 Thermal Effect 
A biological tissue will be heating as a consequence of microwave energy absorption by 
the tissue’s water content. The amount of heating produced in a living organism 
depends on the power density of the radiation which it has penetrated the tissue, 
electrical properties of the bio matter, and the efficiency of the body’s thermoregulation 
mechanism. Effects on health ensue once the temperature rise exceeds about 1°C. 
Safety guidelines impose upper limits on the radiation power density to ensure that this 
does not happen. Heating occurs whether the organism is alive or dead.  
 
2.8 RF Exposure assessment. 
Radio wave consists of electric and magnetic field that oscillate sinusoidally at a 
specific frequency and travel through space as shown in figure (6). At a sufficient 
distance from the source, beyond the reactive near field, the electric and magnetic fields 
oscillate in time phase and in directions that are both mutually orthogonal and 
orthogonal to the direction of propagation. At mobile phone frequencies, the reactive 
near field exists only within a few centimeters of the source. 
In the case of microcell base stations, distances greater than about 1 m from the antenna 
are in the far field (Fraunhofer region), where the angular distribution of radio wave 
emitted by the antenna is essentially independent of distance. The region in between a 
few centimeters and 1 m from the antenna is known as the radiating near field (Fresnel 
region), in which the angular distribution of the radio waves depends on distance as 
shown in figure (13). 
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D = largest dimension of source. λ=wavelength (33 cm for 900 MHz). 
Figure (13): Illustration of three zones: reactive near field, radiative near field, far field 
and its consequences for exposure assessments.  
   
The power density S at distance beyond the reactive near field is related to the electric 
field strength E and the magnetic field strength H by simple relation 
                                                  S = E H                                          (1) 
The ratio between electric field strength and magnetic field strength is constant beyond 
the reactive near field. In free space the ratio is known as the intrinsic impedance of free 
space Z0 and takes the value 377 Ω. Consequently, equation (1) may be rewritten: 
                                      = 377H2                          (2) 
 
The power density may thus be determined from the electric or magnetic field strength a 
lone. Many commercial instruments make use of this relationship by measuring the 
electric or magnetic field strength and converting the output to provide a display of 
plane-wave equivalent power density. 
 
32 
 
2.8.1 Theoretical exposure assessment:  
        More than one method has been proposed for the theoretical prediction of the 
power density of radio waves transmitted by antenna associated with mobile phone base 
stations. These methods range from the simplest of calculations that assume free – space 
conditions to sophisticated computer modeling techniques that take into account 
detailed three-dimensional representation of the environment (Cichon, 1999) 
The propagation models considered bellow are based on the assumption that the 
exposure occurs in the far field of the base station of antenna. The location said to be in 
the far field of antenna providing the distance r between the location and the antenna 
satisfies the expression: 
                                                          r >                                                (3) 
Where: 
r: is the distance from the antenna. 
D: is the greatest linear dimension of the antenna. 
λ: is the wavelength. 
 
2.8.1.1 Propagation of radio waves in free space 
In free space, the power density S0 of radio waves reduces with increasing distance from 
a hypothetical isotropic radiator following the inverse-square law: 
                                                                                         (4) 
 
Where Pt is the power radiated from the antenna. Real antenna direct power 
preferentially in certain directions at the expense of reduced power in other directions. 
Many antennas concentrate power into single main beam, which is emitted in the 
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forward, or boresight direction. The degree of concentration of power is expressed by 
the antenna gain, the greater the gain, the smaller the angular divergence of the main 
beam.  
The power density in the boresight direction, i.e.  In the center of the main beam is 
given by the expression: 
                                                                             (5) 
Where Gt is the arithmetic Gain (dimensionless) of the antenna in the boresight 
direction. The gain, and therefore the power density, in other directions will be reduced 
by a factor that depends on the radiation pattern of the antenna.  
Free space conditions are not the realistic situation for the propagation of radio waves 
transmitted by mobile phone base stations. Radio waves can be reflected by the ground 
and diffracted, reflected and scattered by buildings, trees, street furniture and other 
structures in the environment. So we must consider the effects of the environment on 
the variation of power density, so we can define path loss.  
Path loss can be defined by considering two antennas, one transmitting and one 
receiving that is situated in free space. The power Pr received by the later antenna is 
governed by the Friis free space equation: 
                                                                                   (6)                                                                        
 
Where Gr is the gain of the receiving antenna.Equation (6) neglects losses that are not 
directly related to the separation between the antennas, such as refraction or absorption 
by the atmosphere. The ratio of received power to transmitted power is known as the 
path loss.  
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We can evaluate the free space path loss L0 by the following equation: 
                                    L0 (dB) = - 20 log10 [                               (7) 
Derivation of path loss from models based on assumption  about the environment that 
are more credible than free space condition can be used to estimate power density S 
more realistically using the formula: 
                                             S = S010 – (L – L0)/10                                      (8)   
 
                                          S   =                                      (9)  
  Where L is the path loss (in dB) evaluated using the chosen model.  
 
2.8.1.2 Two- ray ground reflection model  
        In many physical situations the direct (free-spaces) path between the transmitter 
and receiver is only one of the numbers of propagation paths that may exist. Often, in 
the cases where the environment is relatively uncluttered and there is a direct line of 
sight between the receiving antenna and the transmitting antenna, the two most 
important paths are the direct path and a second path that arises from a single reflection 
from the ground. This scenario can be examined on the basis of geometric optics using 
the two-ray ground reflection model, described by inter alia (Bacon ,1996) and 
(Kagoshima et al ,2001). The two-ray model has been found to be reasonably accurate 
for predicting the large-scale signal strength for line-of-sight microcell channels in 
urban environments (Rappaport, 2002). 
The geometry of the two-ray model is depicted in figure (14). The direct path has length 
r1 and the path undergoing reflection from the ground has length r2  
Where       r2 = ra + rb 
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The difference in path lengths Δr= r2 - r1 is given by the expression 
 
                      Δr =   -                         (10) 
 
Where ht is the height of the transmitting antenna above ground level, hr is the height of 
the receiving antenna at the measurement position and d is the horizontal distance 
between them. If (d) is much greater than  then equation (18) can  
be expanded to Δr =  
So the total rms electric field strength at the receiving antenna is   
                            E =                                    (11) 
Where E1 and E2 are the rms electric field strength of the direct and reflected wave 
              
            
Figure (14): Two - ray ground reflection model 
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Respectively and  is the phase difference between the two paths, which may be 
given in terms of the wave number k such that  
                                                     = k Δr =                                      (12) 
So equation 20 may be written  
                                        E = E1                       (13) 
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Chapter III 
Methodology 
3.1 Study Area 
        This study was conducted in selected sites in Hebron and Bethlehem cites, Hebron 
city is located in the southern part of the West Bank –Palestine, on latitude of 31:31' in 
the north and longitude of 35:8' in the east. Hebron city is about 35 kilometers south of 
Jerusalem and extend over an area about 45 km2. The city is highly populated with more 
than 200,000 people. It is the most populated city in the west bank. Bethlehem is 
located in the southern part of the West Bank –Palestine, on latitude of 31:42' in the 
north and longitude of 35:12' in the east. Bethlehem city is about 15 kilometers south of 
Jerusalem and extend over an area about 25 km2. (Palestinian Central Bureau of 
Statistics, 2008). 
The location of Hebron and Bethlehem cities at the historical Palestine map is shown in 
figure (15) (Palestinian Central Bureau of Statistics, 2016). 
 
3.2 Data Collection about Microcells Mobile Base Stations In Hebron 
And Bethlehem Cities. 
For a microcell base station, a database giving details (location, height, power, 
frequency, and antenna gain) for all antennas located in Bethlehem and Hebron city was 
supplied by the Palestine cellular communications ltd. (Jawwal) company. These 
databases include information about 16 microcells base stations. Watanya mobile base 
stations are excluded because the company did not use the microcell base station until 
now. 
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Digital map was constructed for microcells mobile base stations in Bethlehem city as 
shown in figures (16) and in Hebron city as shown in Figure (17) 
 
Figure (15): Location of the study area (Palestinian Central Bureau of Statistics, 2008) 
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Figure (16): Locations of Microcell mobile telephony base stations in Bethlehem city 
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Figure (17): Locations of Microcell mobile telephony base stations in Hebron city 
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3.3 Instruments  
In this work, frequency selective measurements are performed using a selective  radiation 
meter BK 2650 handheld spectrum analyzer are used in measuring the power density of  
RF radiated from the microcells base stations in the region under investigation. 
Brief description of the instrument is given below:  
3.3.1 Handheld 3.3GHz Spectrum Analyzer (Model 2650) 
The BK 2650 handheld spectrum analyzer is high-performance spectrum analyzers 
providing excellent performance and functions perfect for many different applications, 
figure (18). It is a compact, lightweight and inexpensive unit that is ideal for testing 
CDMA, GSM, WLAN and Bluetooth systems.  
Features:  
 Adjacent channel power measurement.  
 Occupied bandwidth measurement.  
 Electric field strength measurement.  
 Magnetic field strength measurement.  
 Marker measurement  
 Peak search  
 Save/Load  
     Figure (18): Handheld 3.3GHz Spectrum Analyzer (Model 2650) 
Deferent antennas can be used with BK 2650 they are: 
 AN301 BK Precision AN301 Dipole Antenna ( 0.8 to 1 ) GHz 
  AN302 BK Precision AN302 Dipole Antenna ( 1.25 to 1.65 ) GHz 
 AN303 BK Precision AN303 Dipole Antenna ( 1.7 to 2.2 ) GHz 
 AN304 BK Precision AN304 Dipole Antenna ( 2.25 to 2.65 ) GHz 
 AN305 BK Precision AN305 Dipole Antenna ( 390 to 410 ) MHz 
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3.4 Environmental Specifications and Conditions for Mobile Phone 
Micro Cells Stations 
1. Upon installing micro cells stations the distance between them and human beings 
enough. 
2. It is permissible to install mobile phone micro cell antennas of the type installed 
outside buildings, on facades, walls, billboards, street lighting columns, any towers 
or separate columns. 
3. It is permissible to install micro cell stations of the type installed inside the 
buildings on the ceilings, hall or corridor walls. 
4. In case of installing micro cell stations in places or buildings that contain control 
and monitoring devices, it must be ensured that those stations would not affect the 
performance level of the devices, by coordinating with mobile network operators 
and the entity controlling the site. 
5. It is permissible to install linking devices on walls, ceilings or the antenna pylons 
with no maximum limit for the number of devices on the same pylon.  In case this is 
not applicable, it is permissible to install the linking devices on separate pylons with 
no minimum limit of the height thereof. 
6. The network operators are advised to consider artistic and aesthetical aspects while 
installing the stations on buildings facades in streets, inside shops, hotels etc. 
7. On installing stations, the network operators are advised to comply with the 
international and Palestinian technical standards and verify safety and security of 
electric connections, as they undertake full responsibility thereof. 
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 3.5 Methodology and design 
The study is a quantitative research study using a selective radiation meter BK2650 
handhold spectrum analyzer, which is appropriate to the exploratory nature of the 
research. 
 
3.6 Sampling 
The overall sample composed of sixteen stations ( 200 locations) at Southern of West 
Bank, in Bethlehem and Hebron cities purposively selected, that is, Fawaghreh, Bab Al-
Der, Reem Al-Bawady, Wady Rahall, Murad Restaurant, Ras Al-Dalih, Al-Khalil 
Sport, Al-Ahly Hospital, Abu Katela, Ras Al-Jorah, Arab Society, AlHalman, Central 
Market, Al Jaldeh, Abu Snaneh and Alia Hospital. 
 
3.7 Measurement technique and data processing: 
The electric field (E) of the BCCH carrier transmitted by the microcells base station of 
interest was measured at 200 locations distributed around the 16 base station sites in 
Bethlehem and Hebron Cites. Most of the measurement locations were outdoors at 
height 1.7m above ground level corresponding to the head position of average adult 
(Schmid et al, 2007). The power density then estimated by using the equation No. 2. 
One of the main objectives of this work was to investigate the variation of power 
density with distance from microcell antennas. For this reason, wherever possible, series 
of measurements were made along one horizontal axis. The axes were chosen such that 
they permitted measurements at a number of locations along a straight line with an 
obstruction-free line-of sight path to the microcell antenna. So that estimated power 
density for each station were performed at 10 to 14 locations in the boresight direction, 
44 
 
the distance between each two locations was 1 m and were accessible to the general 
public using.  
Estimated power density is performed for the signals in the frequency range from 955 to 
960 MHz, the frequency that belong to Jawwal Company. The RF radiation levels were 
averaged over approximately 6 minutes interval in all cases by using the selective 
radiation meter BK 2650 handhold spectrum analyzer. 
Far field estimation is conducted at a distance of approximately 1 m from devices 
(microcell mobile telephony base station). (Schmid et al, 2007). So that a separation of 
usually at least 1 m was maintained from walls, street furniture and any other structures 
that offered the potential for mutual coupling with the probe or antenna. 
The power density levels were expressed in (mW/m2) and the electric field levels are 
given in (V/m). 
The measurement technique for this study was based on the “variable frequency band 
scan” method described in Electronic Communications Committee (ECC) 
Recommendation (02)04 (CEPT, 2002), published by the (ECC) within the European 
Conference of Postal and Telecommunications Administrations (CEPT). At least one 
procedure was devised for implementation with the narrowband instrumentation to 
determine the power density due to the base station of interest. The procedure governed 
the measurement of the time-averaged power density due to the BCCH carrier 
transmitted by the microcell base station. This allowed the estimation of the maximum 
power density from the microcell base station. 
When using the selective radiation meter the BK 2650 handhold spectrum analyzer was 
deployed with its “maximum “detection method selected. The frequency was set to 900 
MHz and the analyzer was operated in 200 MHz span. The resolution bandwidth was 
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set to 300 KHz in order to optimize detection of the BCCH carrier whilst avoiding 
detection of adjacent channels. The sweep time was set to 0.1 second manually.  
Validation of the measurements proceeded in involved the implementation of a pilot 
study (N=10) to validate the survey using exploratory factor analysis. Factor loading for 
all items exceeded 0.90 (0.93 to 0.98), which means that those items are suitable in 
measuring every item of power density among the survey sample, as indicated in table 
(6).  
 
Table 6: Factor analysis of emotional intelligence scale  
No. Items Extraction 
1.  Power Density 0.98 
2.  Electric field 0.93 
 
3.8 Data analysis   
Data were analyzed using statistical package for social sciences (SPSS). Descriptive 
statistics gauged power density scores among the sampled population. The following 
statistical techniques were measured: frequencies, means, standard deviation, one-way 
analysis of variance, and Factor Analysis. 
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Chapter IV 
Results and Discussion 
4.1 Estimated electric field and power density:  
      This chapter presents and discusses the results of the power density for the 
microcells mobile phone base station in Bethlehem and Hebron cities. The power 
density levels detected within the frequency range from 955MHz to 960MHz at 200 
locations around 16 microcells mobile phone base station at Southern of West Bank, in 
Bethlehem and Hebron cities purposively selected, that is, Fawaghreh, Bab Al-Der, 
Reem Al-Bawady, Wady Rahall, Murad Restaurant, Ras Al-Dalih, Al-Khalil Sport, Al-
Ahly Hospital, Abu Katela, Ras Al-Jorah, Arab Society, AlHalman, Central Market, Al 
Jaldeh, Abu Snaneh and Alia Hospital. 
In Palestine Jawwal company which is the mobile phone service provider, Jawwal 
(GSM900 MHz) used mobile phone sector antennas and microwave dish antennas. As 
these antenna are being placed within meters of homes, schools, and other sensitive 
area, public concern has increased about indoor RF radiation exposure from these 
sources in Palestine community. 
The maximum power density levels are detected at suitable height 170 cm above the 
ground level respectively, corresponding to the adult head position for about six minutes 
over the maximum range of the BK 2650 handhold spectrum analyzer in real live 
conditions. 
The values of power density were varying from one station to another, because there is 
difference between the height of the antennas and the distance of the coverage area for 
each station. 
47 
 
The results consist of the observation and analysis that measured for different stations. 
This analysis includes station data as number of antennas, building types, heights, and 
measurement. 
4.1.1 Stations Data 
Station data includes three parts, number of antenna, and building type of the stations 
and Heights of the antennas 
. 
4.1.1.1 Number of antennas per Station 
Sixteen base stations in Hebron and Bethlehem cities were selected for this study. 
Figure (19) shows that the distribution number of antennas of stations, where the 
majority have 2 antennas for 12 stations and this value represents (75%), whilst 2 
stations has 3 antennas and this value represents (13%) and only 2 stations has one 
antennas and this value represents (12%). 
 
Figure (19) : Distribution of microcell base stations according to the number of antennas 
 
4.1.1.2 Building station types 
Figure (20) illustrates that the distribution of the building type for all stations. Antennas 
of 5 stations has installed on a metal tower or mast above the building and this value 
represents (31%), antennas of 7 station has installed on exterior wall of the private 
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building which represents (44%), antennas of two stations has installed on exterior wall 
of the hospitals building which represents (12%) whilst antennas of 2 stations installed 
on a metal tower or mast at the street which represents (13%). 
 
Figure (20): Distribution of microcell base stations according to the building station type 
 
4.1.1.3: Heights of the antennas 
Figure (21) illustrates that the distribution of the heights of the antennas. This height 
represents the distance between ground and antenna. 4 m for 3 antennas and this value 
represents (19%). 7to8 m for 3 antennas and represent (19%).10 m for 5 antennas and 
represent (31%), 12 m for 5 antennas which represent (31%). 
 
Figure (21): Distribution of microcell base stations according to the heights of the antenna 
above ground level. 
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4.2 Measurements of Electromagnetic Power Density for all Stations 
Estimating of the power density for electromagnetic radiation emitted from sixteen 
microcells mobile phones base stations in Hebron and Bethlehem Cities are carried out 
then compared with ICNIRP standard levels ( 4.8 W/m2) and EQA standard levels for 
short stay condition ( 0.19 W/m2): 
 
4.2.1 Al Fuaghra Street base station is connected to two antennas mounted on 
the face of exterior wall of a building at Al Fuaghra Street, the height of the antenna 
above ground level was 8 m. Measurement of electric field and estimation of the power 
density were detected at 13 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density was 4.4 mW/m2 which is 0.1 % of the reference 
level advised by ICNIRP and 2.3 % of the reference level advised by EQA for exposure 
of the general public. This value was at a horizontal distance 12 m from the antenna, 
while the minimum value was 1.11 mW/m2, the average value was 2.1 mW/m2 which is 
0.04% of the reference level advised by ICNIRP and 1.1% of the reference level 
advised by EQA for exposure of the general public. 
 
4.2.2 Bab Al Dar base station is connected to two antennas mounted on the face 
of exterior wall of a building at Bab Al Dar, the height of the antenna above ground 
level was 4 m. Measurement of electric field and Estimation of the power density were 
detected at 12 boresight direction sites at 1.7 m above ground level. The maximum 
value of the power density was 8.51 mW/m2 which is 0.2 % of the reference level 
advised by ICNIRP and 4.5% of the reference level advised by EQA for exposure of the 
general public. This value was at a horizontal distance 10 m from the antenna, while the 
minimum value of the power density was 1.1 mW/m2; the average value of the power 
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density was 4.2 mW/m2 which is 0.1% of the reference level advised by ICNIRP and 
2.2% of the reference level advised by EQA for exposure of the general public. 
 
4.2.3 Reem Al Bawdy restaurant base station: was connected to two antennas 
mounted on the face of exterior wall of a building of Reem Al Bawady restaurant at al 
Mahed street, the height of the antenna above ground level was 4 m. Measurement of 
electric field and Estimation of the power density were detected at 10 boresight 
direction sites at 1.7 m above ground level. The maximum value of the power density 
was 3.1mW/m2 which is 0.1% of the reference level advised by ICNIRP and 1.6 % of 
the reference level advised by EQA for exposure of the general public. This value was 
at a horizontal distance 5 m from the antenna, while the minimum value was 
0.56mW/m2; the average value was 1.3 mW/m2 which is 0.3% of the reference level 
advised by ICNIRP limits and 0.7% of the reference level advised by EQA for exposure 
of the general public.   
 
4.2.4 Wady Rahall base station: was connected to two antennas mounted on a 
tower over a house building at Wady Rahall village, the height of the antenna above 
ground level was 12 m. Measurement of the electric field and estimation of the power 
density were detected at 12 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density from the microcells base station was 1.11mW/m2 
which is 0.02% of the reference level advised by ICNIRP and 0.6 % of the reference 
level advised by EQA for exposure of the general public. This value was at a horizontal 
distance 9 m from the antenna. While the minimum value was 0.101 mW/m2, the 
average value was 0.45 mW/m2 which is 0.01% of the reference level advised by 
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ICNIRP and 0.24% of the reference level advised by EQA for exposure of the general 
public.   
  
4.2.5 Murad Rest base station:  was connected to two antennas mounted on a 
tower at Murad Rest, the height of the antenna above ground level was 12 m. 
Measurement of the electric field and estimation of the power density were detected at 
13 boresight direction sites at 1.7 m above ground level. The maximum value of the 
power density from the microcells base station was 0.06 mW/m2 which is 0.001% of the 
reference level advised by ICNIRP and 0.03% of the reference level advised by EQA 
for exposure of the general public. This value was at a horizontal distance 5 m from the 
antenna, while the minimum value was 0.01 mW/m2, the average value was 0.03 
mw/m2 which is 0.001% of the reference level advised by ICNIRP and 0.02% of the 
reference level advised by EQA limits for exposure of the general public.   
    
4.2.6 Arab society base station: was connected to three antennas mounted on the 
face of exterior wall of a building at Bet Jala city, the height of the antenna above 
ground level was 10 m. measurement of the electric field and estimation of the power 
density were detected at 12 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density from the microcells base station was 1.12mW/m2 
which is 0.02% of the reference level advised by ICNIRP and 0.59% of the reference 
level advised by EQA for exposure of the general public. This value was at a horizontal 
distance 9 m from the antenna, while the minimum value was 0.10 mW/m2, the average 
value was 0.45 mW/m2 which is 0.01% of the reference level advised by ICNIRP and 
0.24% of the reference level advised by EQA for exposure of the general public.   
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4.2.7 Al Hlman base station:   was connected to three antennas mounted on the 
face of exterior wall of a building at Bethlehem city, the height of the antenna above 
ground level was 7 m. Measurement of the electric field and estimation of the power 
density were detected at 14 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density from the microcells base station was 0.3 mW/m2 
which is 0.01 % of the reference level advised by ICNIRP and 0.16% of the reference 
level advised by EQA for exposure of the general public. This value was at a horizontal 
distance 6 m from the antenna, while the minimum value was 0.06 mW/m2 and the 
average value was 0.16 mW/m2 which is 0.003% of the reference level advised by 
ICNIRP and 0.08% of the reference level advised by EQA for exposure of the general 
public.   
  
4.2.8 Central market base station: was connected to two antennas mounted on a 
tower over the building at Bethlehem city, the height of the antenna above ground level 
was 10 m. measurement of the electric field and estimation of the power density were 
detected at 12 boresight direction sites at 1.7 m above ground level. The maximum 
value of the power density from the microcells base station was 7 mW/m2 which is 0.15 
% of the reference level advised by ICNIRP and 3.7% of the reference level advised by 
EQA for exposure of the general public. This value was at a horizontal distance 7 m 
from the antenna, while the minimum value was 0.25 mW/m2, the average value was 
1.5 mW/m2 which is 0.03% of the reference level advised by ICNIRP and 0.8% of the 
reference level advised by EQA for exposure of the general public.   
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4.2.9 Ras Al Dalih base station: was connected to two antennas mounted on a 
tower over a building at Ras Al Dalih, the height of the antenna above ground level was 
12 m. measurement of the electric field and estimation of the power density were 
detected at 13 boresight direction sites at 1.7 m above ground level. The maximum 
value of the power density from the microcells base station was 0.08mW/m2 which is 
0.002 % of the reference level advised by ICNIRP and 0.04% of the reference level 
advised by EQA for exposure of the general public. This value was at a horizontal 
distance 8 m from the antenna, while the minimum value was 0.003 mW/m2 ,the 
average value was 0.03 mW/m2 which is 0.001% of the reference level advised by 
ICNIRP and 0.02% of the reference level advised by EQA for exposure of the general 
public.   
 
4.2.10 Hebron municipality gym base station: was connected to one antenna 
mounted on the face of interior wall of a building at Hebron municipality gym, the 
height of the antenna above ground level was 8 m. measurement of the electric field and 
estimation of the power density were detected at 12 boresight direction sites at 1.7 m 
above ground level. The maximum value of the power density was 0.1 mW/m2 which is 
0.002% of the reference level advised by ICNIRP and 0.05% of the reference level 
advised by EQA for exposure of the general public. This value was at a horizontal 
distance 5 m from the antenna while the minimum value was 0.02mW/m2 ,the average 
value was 0.05 mW/m2 which is 0.001% of the reference level advised by ICNIRP and 
0.03% of the reference level advised by EQA for exposure of the general public.   
 
4.2.1 1 Al Ahly Hospital base station: was connected to one antenna mounted 
on the face of interior wall of a building at Al Ahly Hospital, the height of the antenna 
above ground level was 4 m. Measurement of the electric field and estimation of the 
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power density were detected at 13 boresight direction sites at 1.7 m above ground level. 
The maximum value of the power density was 4.83mW/m2 which is 0.10% of the 
reference level advised by ICNIRP and 2.5% of the reference level advised by EQA for 
exposure of the general public. This value was at a horizontal distance 4 m from the 
antenna, while the minimum value was 0.48 mW/m2, the average value was 2.31 
mW/m2 which is 0.05% of the reference level advised by ICNIRP and 1.2% of the 
reference level advised by EQA for exposure of the general public.   
  
4.2.12 Abu ktalah base station: was connected to two antennas mounted on a 
tower over a building at Abu ktalah, the height of the antenna above ground level was 
10 m. Measurement of the electric field and estimation of the power density were 
detected at 13 boresight direction sites at 1.7 m above ground level. The maximum 
value of the power density was 5.3mW/m2 which is 0.11% of the reference level 
advised by ICNIRP and 2.8% of the reference level advised by EQA for exposure of the 
general public. This value was at a horizontal distance 7 m from the antenna, while the 
minimum value was 0.18 mW/m2, the average value was 1.52 mW/m2 which is 0.03% 
of the reference level advised by ICNIRP and 0.8% of the reference level advised by 
EQA for exposure of the general public.   
 
4.2.13 Raas Aljorah base station: was connected to two antennas mounted on 
the face of exterior wall of a building at Raas Aljorah, the height of the antenna above 
ground level was 10 m. measurement of the electric field and estimation of the power 
density were detected at 12 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density from the microcells base station was 0.58mW/m2 
which is 0.01% of the reference level advised by ICNIRP and 0.3% of the reference 
level advised by EQA for exposure of the general public. This value was at a horizontal 
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distance 6 m from the antenna, while the minimum value was 0.10 mW/m2, the average 
value was 0.31 mW/m2 which is 0.01% of the reference level advised by ICNIRP limits 
and 0.16% of the reference level advised by EQA for exposure of the general public.    
 
4.2.14 Al Jaldeh base station: was connected to two antennas mounted on a tower 
over a building at Al Jaldeh, the height of the antenna above ground level was 12 m. 
Measurement of the electric field and estimation of the power density were detected at 
13 boresight direction sites at 1.7 m above ground level. The maximum value of the 
power density was 0.08mW/m2 which is 0.002% of the reference level advised by 
ICNIRP and 0.04% of the reference level advised by EQA for exposure of the general 
public. This value was at a horizontal distance 8 m from the antenna, while the 
minimum value was 0.003 mW/m2, the average value was 0.03 mW/m2 which is 
0.001% of the reference level advised by ICNIRP and 0.01% of the reference level 
advised by EQA for exposure of the general public.      
 
4.2.15 Abu Snaneh street base station: was connected to two antennas mounted 
on the face of exterior wall of a building at Abu Snaneh street, the height of the antenna 
above ground level was 8 m. measurement of the electric field and estimation of the 
power density were detected at 13 boresight direction sites at 1.7 m above ground level. 
The maximum value of the power density was 4.40 mW/m2 which is 0.09% of the 
reference level advised by ICNIRP and 2.3% of the reference level advised by EQA for 
exposure of the general public. This value was at a horizontal distance 12 m from the 
antenna, while the minimum value was 1.11 mW/m2, the average value was 2.28 
mW/m2 which is 0.05% of the reference level advised by ICNIRP limits and 1.2% of 
the reference level advised by EQA for exposure of the general public.    
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 4.2.16 Alia Hospital base station: connected to two antennas mounted on the 
face of exterior wall of a building at Alia Hospital, the height of the antenna above 
ground level was 10 m. Measurement of the electric field and estimation of the power 
density were detected at 13 boresight direction sites at 1.7 m above ground level. The 
maximum value of the power density was 5.3mW/m2 which is 0.11% of the reference 
level advised by ICNIRP and 2.8% of the reference level advised by EQA for exposure 
of the general public. This value was at a horizontal distance 7 m from the antenna, 
while the minimum value was 0.18 mW/m2, the average value was 1.41 mW/m2 which 
is 0.03% of the reference level advised by ICNIRP and 0.74% of the reference level 
advised by EQA for exposure of the general public.    
 
4.3 Analysis of Results: 
For Al Ahly Hospital base station, as example, the power density was estimated as a 
function of horizontal distance at 13 locations at 1.7 m above ground level. The 
maximum value of the power density was 4.83mW/m2 which is 0.10 % of the reference 
level advised by ICNIRP and 2.5% of the reference level advised by EQA for exposure 
of the general public. This value was at a location that far 4 m from the antenna as 
shown in figure (22). This location may on the axe that makes a downtilt angle with the 
horizontal axe as shown in figure (11). 
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Figure (22): Power density as a function of horizontal distance from the base station 
antenna for Al Ahly Hospital base station 
 
The measured power density are compared for the sixteen microcells base stations as 
shown in figure (23), most of the measurements of the power densities were under 6 
mW/m2. 
 
Figure (23): Comparison between power densities for all microcells base stations as a 
function of horizontal distance from the antenna. 
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The power density was measured for two base station ,Alfwghreh and Bab al Dar in two 
direction, the first one was with the boresight direction and the other was at 45o with the 
boresight, as indicated in figure (24 and 25).  
 
Figure (24 ): Power density of  al Fwaghreh base station as afunction of horizontal 
destance from the base station antenna. The mesurements were made along 
two axes , the first with boresight and the second made 450  with boresight. 
 
Figure (25): Power density of  al Bab Al Dar base station as afunction of horizontal 
destance from the base station antenna. The mesurements were made along 
two axes , the first with boresight and the second made 450  with boresight. 
59 
 
In general the average values of the power density as found at the sample of sixteen 
stations (200 locations) are vary from 0.003 mW/m2 to 8.51 mw/m2 with a average value 
very low (1.14 mW/m2), as indicated in table (7). This value is considered below the 
reference level advised by ICNIRP and EQA for exposure of the general public. 
Table no. (7). Number, Minimum, Maximum Average, of the sampled population 
Variable N 
Minimum 
(mW/m2) 
Maximum 
(mW/m2) 
Average 
(mW/m2) 
Power density 200 0.003 8.51 1.14 
 
Moreover, the study investigated demographic breakdown of the power density score of 
the sampled population with the aim of identifying any differences by station. The 
differences were very small (not significant), as indicated in tables (8- 9) and figure (26) 
Table (8). One-way analysis of variance for the differences in the power density 
scores of the sampled population by station 
Source Df Sum of squares Mean square F-value Sig. 
Between groups 15 15239.3 1015.9 
30.6 
 
0.000* 
Within groups 184 6118.7 33.3 
Total 199 21357.9 ----- 
 
The average values of the power density evaluated in 16 sites as shown in table (9). As 
it can be seen in figure (26), the highest average power density level is obtained from 
Bab al Dar Base station, probably due to the reflection of the beam since the area was 
close. 
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Table (9). Average scores and standard deviation for the differences in the power 
density scores of the sampled population by station. 
Station N 
Average of power 
density (mW/m2) 
Std. Deviation 
Fawaghreh street 13 2.08 1.06 
Bab Al-Der 12 4.2 2.39 
Reem Al-Bawady 10 1.3 1.32 
Wady Rahall 12 0.45 0.30 
Murad Rest 13 0.03 0.01 
Ras Al-Dalih 13 0.03 0.02 
Al-Khalil Sport 12 0.053 0.03 
Al-Ahly Hospital 13 2.31 1.34 
Abu Ktalah 13 1.52 1.38 
Ras Al-Jorah 12 0.31 0.19 
Arab Society 12 0.45 0.29 
AlHalman 14 0.16 0.07 
Central Market 12 1.49 1.85 
Al Jaldeh 13 0.03 0.02 
Abu Snaneh 13 2.28 1.06 
Alia Hospital 13 1.42 1.38 
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Figure (26). Distribution of mean power density values by base station. 
 
Additionally, findings indicated that there are statistical significant inverse (negative) 
correlation between the high of antenna and the power density scores of the sampled 
population, Beta-value was (Beta – value= -0.470 P=0.000).as shown in table (10). 
Table (10). Standard Regression between the high of antenna and the power 
density scores of the sampled population 
Variable Beta-value R-square Value Sig. 
High of antenna*power 
density 
-0.470 0.221 0.000* 
 
Moreover, findings indicated that there are statistical significant differences in the 
power density scores and the direction with the boresight for Al Fawaghreh base station, 
T-vale was (3.6 P=0.005), taken in consideration that the mean differences was (0.29), 
as indicated in table (11). 
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Table (11). Paired-Samples T-test for the differences in power density scores of 
Fawaghreh base station along boresight and 45o with boresight direction  
Angle with 
boresight 
N Mean 
Standard 
Deviation 
Mean 
Difference 
DF T-value Sig. 
00 11 1.93 0.68 
0.29 10 3.6 0.005 
45o 11 1.64 0.62 
 
Finally, findings indicated that there are statistical significant differences in the power 
density scores and the direction with the boresight for Bab Al Dar base station, T-vale 
was (2.924 P=0.014), taken in consideration that the mean differences was (2.21), as 
indicated in table (12). 
 
Table no. (12). Paired-Samples T-test for the differences in power density scores of 
Fawaghreh base station between 0-45 degree  
Angle with 
boresight 
N Mean Standard 
Deviation 
Mean 
Difference 
DF T-value Sig. 
0 12 7.13 4.58 
2.21 11 2.924 0.014 
45 12 4.92 3.13 
 
It has been noticed electromagnetic radiation levels of all stations was very low. This 
low radiation could be due to the restrictions put on the local mobile communication 
operator in using a limited number of frequencies and so the same frequency must be 
reused again in a short distance and hence the radiated power should be kept minimum 
so as to prevent interference. 
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Chapter V 
Conclusions 
 
1. The distribution of more than 30 GSM microcell base stations in terms of antenna 
height and radiated power has been examined from information provided by the 
network operator (JAWWAL) in Hebron and Bethlehem cities. 
  
2. The distribution showed a distinct population of microcell base stations with low 
antenna height, typically (4 – 12 m), and power of a few watts with total radiated 
power not exceeded 5 watts. 
 
3. It has been noticed that the power density of RF radiation levels from all the 
microcell base station was very low because coverage area of the station is a short 
distance. Also this low radiation could be due to the restrictions put on the local 
mobile communication operator in using a limited number of frequencies. 
 
4. The obtained readings of RF radiation levels were less than the reference level 
advised by ICNIRP and EQA for exposure of the general public and. 
 
5. It has been noticed that the maximum measured value of power density of the RF 
radiation levels for 200 locations around the sixteen microcell base stations was 
only 8.51 mW/m2 which represent 0.2% of the reference level advised by ICNIRP 
and 4.5 % of the reference level advised by EQA for exposure of the general public. 
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6. There is an inverse (negative) relationship between the electromagnetic power 
density and the antenna heights at different distances for the microcell base station. 
 
7. All stations are licensed by the EQA. 
 
8. On the basis of the results of the measurements, members of the public would not be 
exposed in excess of the ICNIRP and EQA guidelines whilst standing on the ground 
near any of the microcell base stations. Exposures that comply with the guidelines 
are not considered hazardous. 
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